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Abstract Resumen

It was hypothesized that grazing management could mitigate  Hipotetizamos que el manejo del apacentamiento podraa miti-
grasshopper outbreaks on native rangeland in the northern gar los brotes de chapulines en los pastizales de las Grande:
Great Plains. Key practices would require deliberate variation in - Planices del Norte. Practicas clave podréan requerir la variacién
timing and intensity of grazing events, preservation of canopy deliberada en tiempo e intensidad de los eventos de apacen
during critical periods of grasshopper development, and reduc- tamiento, la preservacion de la copa durante los periodos crati-
tions in areas of bare soil. The twice-over rotational grazing sys- cos del desarrollo de los chapulines y la reduccién de aeas d
tem appeared compatible with those requirements. suelo desnudo. El sistema rotacional doble parece ser compatible

Grasshopper population trends were monitored during con esos requerimientos.

1993-1995 and 1997-1998 on commercial native rangelanc Las tendencias de la poblacién de chapulines se monitorearon
under twice-over rotational grazing vs traditional season-long de 1993 a 1995 y de 1997 a 1998 en pastizales nativos comercial
grazing. A ubiquitous pest grasshopperMelanoplus sanguinipes manejados bajo los sistemas de apacentamiento rotacional doble
(Fabricius), occurred at every sample site during each year in rotacién y el sistema tradicional de apacentamiento estacional.
numbers sufficient to provide life history parameters for com- En todos los sitos experimentales cada afio se tuvo plaga de che
parison between treatments. Under rotational grazing, the pulines [Melanoplus sanguinipegFabricius)] en numero sufi-
nymphs developed significantly slower and their stage-specific ciente para proveer los par-metros del historial de vida utilizados
survival rates were significantly lower and less variable. para comparar los tratamientos. Bajo el sistema de apacen-
Consequently, significantly fewer adults were produced signifi- tamiento rotacional el desarrollo de las ninfas fue significativa-
cantly later in the season under rotational grazing. mente mas lento y las tasas de sobrevivencia en estados especa

Seasonal presence of all grasshopper species combined ave cos fueron significativamente menores y menos variables.

aged 3.3X higher under season-long grazing than under rotation- Consecuentemente, con el sistema rotacional la produccién de
al grazing. Local outbreaks that generated 18 and 27 adult adultos fue significativamente mas baja y los adultos se produ-
grasshoppers per M under season-long grazing in 1997 and jeron significativamente mas tarde.
1998, respectively, did not occur under rotational grazing. The ~ La presencia estacional de la combinacion de todas las especie
outbreaks consumed 91% and 168%, respectively, as much for- de chapulines promedio 3.3 veces mas en el sistema de apace
age as had been allocated for livestock, as opposed to 10% anitamiento estacional que en el rotacional. Los brotes locales
23%, respectively, under rotational grazing. de1997 y 1998 produjeron 18 y 27 chapulines adultos por’m

Of 9 important grasshopper species, none were significantly bajo el sistema estacional y estos brotes no ocurrieron con el sis
more abundant at rotational sites than at season-long sites. Threetema de apacentamiento rotacional. Los brotes de chapulines
species that were primary contributors to outbreaks under sea- consumieron el 91 y 168% del forraje que habéa sido asignado
son-long grazing remained innocuous under rotational grazing. para el ganado, en tanto que en el sistema rotacional el consumc
It therefore appears that outbreak suppression through grazing fue del 10 y 23% respectivamente.
management is feasible in the northern Great Plains. De 9 especies importantes de chapulines ninguna fue significa-
tivamente mas abundante que otra en ambos sistemas de apacer
tamiento. Tres especies que fueron las principales en los brotes
ocurridos en el sistema estacional permanecieron inocuas bajo el
sistema rotacional. Por lo tanto, parece que en la regién de las
Grandes Planicies del Norte la supresién de brotes de chapulines

In a study of statistical density dependence among rangelies factible mediante el manejo del apacentamiento.
grasshoppers in Montana, Kemp and Dennis (1993) repor
equilibrium or "return tendency" parameters for populations in <

regions_of the state; ”O“hem plains, southern plains, and WeSFggbective regions. However, estimated regional carrying caps

mountains. Long-term median (5.3, 5.4, 4.8)rand mean 6.1, ties were much higher for the 2 plains regions than for the mot
6.2, 6.3 nf) densities of adult grasshoppers were similar for ﬂfgins (8.9 and 8.6 vs 6.3 Inrespectively). Consequently

grasshopper populations were much more variable in the plai

The author acknowledges Selene Gaffri, Kathy Johnson, Gerald Mussgnug, amtl grossly over-shot the carrying capacity (i.e., reached outbr
Jeffrey Holmes for technical assistance. levels) much more frequently than in the mountains. The

Manuscript accepted 17 Feb. 2000, results provided useful insights for assessing opportunities |
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long-term grasshopper management in thehanges in survival rate and development The twice-over rotational grazing strate-
northern Great Plains. rate. In field tests, Grant et al. (1993)gy was described in detail by Manske
Whether ranch managers realize it odetermined that rates of mortality,(1994a) and Biondini and Manske (1996)
not, the effects of long-term mean or medinymphal development, and egg productiofrom the perspective of hypothetical bene
an grasshopper populations have been fawere, in that order, the 3 most importanficial attributes for grasshopper manage
tored into historical livestock carrying determinants of population fithess. Thusment, it can be described briefly as fol-
capacities in the northern Great Plainssuccessful management would likely havéows. It requires 2 sequential rotations of
Total forage consumption by grasshopper® impair at least one of those functions. herd of livestock through a series of 3 to ¢
plus livestock usually does not exceed In a discussion of potential tactics forpastures within a 4.5-month grazing sea
intended levels, but grasshoppers faproactive grasshopper managemenson. In the northern Great Plains, the firs
exceed normal consumption during outOnsager (1995) dismissed traditional searazing cycle occurs 1 June to 15 July
breaks. Therefore, a goal of grasshoppaon-long grazing as offering little opportu-This grazing cycle tends to distribute defo:
management could be to reduce either thety. Periodic grasshopper outbreaks of thikation over a higher proportion of plants
frequency, the severity, or the duration opast have occurred predominantly undeand tends to leave a more level canop
an outbreak. A viable approach might be teeason-long grazing, and the specidgban typically occurs when the herd ha:
reduce grasshopper carrying capacity binwvolved are now cited as classic examplesontinuous access to the same total are
making the rangeland environment lessf obnoxious pests. In contrast to seasomuring the same period of time. During the
hospitable for these pests. long grazing, deferment or rotation ofinterval between the 2 grazing period:
grazing periods can deliberately manipuwithin each pasture, new tillers proliferate

late the time, rate, or degree of defoliatiorand tend to fill in the bare spots. The

Grazing Management and which in turn might be strategically usefulcanopy produces relatively few reproduc
Grasshopper Outbreaks in influencing the time, rate, degree, otive stems, so it tends to remain relatively
direction of change in habitat forlevel while it grows in height. The second

rasshoppers. The latter strategies algrazing cycle occurs 16 July to 15
ay prevent repetitively favoring the sameDctober, when pastures are grazed for
est species in the same pasture for cosecond time, in the same sequence as f
ecutive seasons. the first time, for twice as many days a:
Anderson’s (1964) report of high infes-they were grazed during the first cycle
- “tations associated with low ground coveiThe second cycle also appears to promo
reported to be unusually abundant duringis, brovided a useful, testable hypothesisore uniform harvest than typically seer
dr_y S€asons in h_e_aV|_Iy grazed pastures g, pest species ranked among the Bnder season-long grazing. That may hav
mixed grass prairie in Oklahoma (Smith o ot"py Dysart (1995)Aulocara elliotti  an important impact on soil temperatures
1940), tall grass prairie in Kansasrhomas) andAgeneotettix deorum grasshopper basking efficiency, anc
(Campbell et al. 1974), unspecified habitalg e qder), are known to deposit their egggrasshopper egg development rates
In eastern Montana (Pepper 1955), anf,qq horizontally in small patches of bardecause less soil is exposed to direct su
fescue grassland in Alberta (Holmes et aliq;; st pelow the surface (Anderson antight for a shorter time than under seasor
1979). In eastern Montana, grasshoppgjaqfings 1966, Onsager 1963), where heliing grazing. The exit pasture becomes th
populations were inversely proportional 10, mylation is maximized (Pierson anentry pasture for the next season, but ott
plant canopy height, and highest Infesta\7\/ight 1991). This promotes a well-syn-erwise the same sequence of pasture use
tions occurreod where ground cover Waghgnized hatch that is completed relativeretained from year to year, which assure
less than 40% (And_erso_n 1964).‘ Thes early in the season (Fisher 1994), anthat periods of pasture usage are system:
reports provided primarily qualitative jhe yoing nymphs accommodate relativéically changed each year. That coulc
deSCI’.IptIO'nS of relationships, but somg, . temperatures by basking in theeduce the probability that any given pes
quantification can be extracted from othep, e hatches with their bodies perpendicigrasshopper species will be inadvertent!

data for Montana. Kemp (1992) reporteqy . 14 synlight and in contact with thefavored for successive generations in an
long-term grasshopper density data fo,

warm soil. Reducing the size and frequergiven pasture.
eastern Montana rangeland, and Kemp ar")’xg,a 9 quens P

ali 4 of bare spots should reduce densities of
Cigliano (1994) reported long-termyqqq > pecies and perhaps slow down the
drought index data for the same regio

, ; evelopment rate of other species as well. Materials and Meth
During 19 seasons for which data on bot P P aterials and Methods

variables were available above-averaggt-conso-"dation of the prepeding g:onsider-
grasshopper densities océurred 1 year o thﬂS yielded 3 hypothetical attributes ofrpe Study Area

. ast, fail to encourage) grasshopper ouf \watford Citv. N.D tween 47°35' t
o;:%urredh7 yehars oat of .lll.lnl thg prgzsin eaks in the northern Great Plains. Thesg—:?o58. ildLe?t Z’nd '1(')’4980. ?g 103022. V?/
oh rought. 'I;i us, tdeffe IS It'tlebl Of“ tthatyere; (1) deliberate variation from year '9 ong, within the McKenzie County
the greatest demand for available forage W, i the time and intensity of defolia-G a5ing District of the Little Mi !
eastern Montana occurred during seasogs razing District or the Little Missourl

In several Great Plains ecosystem
grasshoppers tend to achieve highest de
sities in the presence of grazing duringg
years of low precipitation and low forage
production. Grasshoppers have beep,

when ranchers could least afford to feeqo . Poriods: (2) controllable presenvationgtiona| Grasslands. The forage base |
grasshoppers. - . ) NNBredominantly native prairie comprised of

A modeling exercise by Onsager (1983

suggested that density levels and fora nd (3) reduction or elimination of bare
destruction rates by the migratoryoo.: 1€ twice-over rotational grazingagropyron smithiiRydb.), needle-and-

)€ system appeared to be compatible wit ; :
grasshopperMelanoplus sanguinipes tﬁ/ose reqt?i?ements P read Gtipa comatalrim. & Rupr.), and
(Fabricius), were most sensitive to ' threadleaf sedgeCarex filifolia Nutt.),

Lag. ex Griffiths], western wheatgrass
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interspersed with patches that had beet993-1995 and 1997-1998. Samplingve degree-days over 17.8°C, a threshol
planted to crested wheatgragggfopyron began as soon as sites were accessiblefanr nymphal development (Putnam 1963)
cristatum(L.) Gaertn.] in the 1930s the spring and terminated after killingFor each season, the degree-day data we
(Uresk and Bjugstad 1995). frosts in the fall. Total density was esti-subjected to an analysis of variance as
A total of 9 study sites were establishednated by counting grasshoppers withimandomized complete block design with the
in 2 grazing allotments that utilized differ-each ring of an array (i.e., in a total area o study sites handled as treatments and tl
ent grazing strategies. The first allotmen# n¥), and a sweep net collection wasntervals considered replications over time.
was comprised of 5 pastures. One pastutaken along the perimeter of the array to For routine exploratory analyses of
was predominantly crested wheatgrass thastablish composition of the population byyrasshopper population or life history
was always grazed from 1 May to 31 Mayspecies and by stage of developmenparameters, the basic statistical design wz
(grazing after 15 October also was aiThereafter, an index of seasonal abung 2x2 factorial of 4 grazing treatments
option); it had 2 study sites. The other 4lance called "grasshopper days" (GD) thezomprised of 2 vegetation types, creste
pastures were native prairie that had sinaeretically could be determined for anywheatgrass and native prairie, exposed
1989 been under twice-over rotationastage of any species at any site by calcy- methods of grazing, twice-over rotation-
grazing from 1 June to 15 October. Eachating the area under a graph of density| ang season-long. Each season was cc
of the 4 pastures had 1 study site. The seplotted as a function of time expressed iQjgered a replication in time. The treat:
ond allotment was a single large pasture afays (Hewitt and Onsager 1982). In pracment by season interaction was the errc
predominantly native prairie with inter-tice, however, the sampling method is NOfer. Data from different sites within the
spersed patches of crested wheatgrass.réfiable for very small grasshoppers, andgme treatment and year were considere
was grazed season-long from 1 May to 18uring every season, some early-hatchingdbsampms_ Treatment and error variance
September and had 2 study sites on natispecies began development before the fir§f, o partitioned into 3 orthogonal com-
prairie plus 1 in a patch of crested wheatsampling event. Therefore, GD Value%arisonS' (1) all crested wheatgrass site
grass. The 4 study sites within native rotawere calculated only for%instar or older vs all nétive prairie sites; (2) crestec
tional pastures were selected because th&ages. In concept, a GD differs from anheatgrass sites used for sp’)ring pasture
lessee had been using them for annu&UM only in that the herbivores aresupport of twice-over rotational grazing vs
photographic monitoring purposes sincesmaller and the time units are shorter. the crested wheatgrass site under seasc
1989. The other 5 study sites were select- Study sites were sampled at 7-to 10-d ng exposure to grazing; and (3) native
ed by Manske (1993) as typical represenntervals during 1993, 1995, and 1998, an rairie sites under twice-’over rotational
tatives of their respective pastures. That 2-to 3-day intervals during 1994 an razing vs native prairie sites under sez
native prairie rotational pastures com4997. That intensity of sampling support—son_logr]1 razin pThe first comparison
prised a total of 1,780 ha with a preferenced estimation of certain stage-specific "fedeterm'?le% he%ﬁer crested hgat ras
stocking rate of 0.872 AUM hiaand a history parameters for at least the morg - tl el habitat w ' dg. ;
4.5-month grazing period. The seasonabundant species at all study sites. TH nd na IV?] praine ha I?? supporte st|m:
long pasture was 8,500 ha with a prefeparameters that were considered importa r grasshopper population parametetrs
: ) ! . .1he second comparison assessed tf

ence stocking rate of 0.862 AUM hand in this study were average Stage'Spec'f'gffects of relatively heavy utilization by

a 4.5-month grazing period. The permitteduyrvival rates for '3 4" and % nymphal |, .
stocking rate for all pastures was set bjhstars, average development time p livestock early in the season at creste

e US Forest Serice ot 100% of prefiympnal nstar, average daly survival et '*20 2% 121072 5165 (efre b
ence levels In 1993 71997, and at 90% qbr both nymphs and aduits, and the numy; oderateputilization by livestock mostl
preference levels in 1998. ber of individuals that entered the adul y y

stage. The mathematical procedure, whicaetzg ci)r|]q.t|2(re\ sziz(;n(;\a ec rt%Steringeeni[gr?g

Sampling Procedures combined methods of Richards et a - forag e adiacent topthe crestes
To support grasshopper density sam960), Kiritani and Nakasuji (1967), heat rassgseasojn-lon site). The thir
pling via the method of Onsager andManley (1976), and Onsager and Hewit@lorn a?ison evaluated ef?ects oi‘ a arazin
Henry (1977), each study site was providf1982a), was described in detail bystrat% that rotated 8 distinct ?azinc
ed with a set of 40 aluminum wire rings,Sanchez and Onsager (1988). 9y g ;

each 0.1 affixed for the duration of the periods over a series of 4 pastures in a di
study (1993-1998) in a 4x10 array with 8 ferent order each year vs traditional sea
m between rings. For the first 2 seasons ottatistical Analyses son-long grazing within a single pasture

the study, Manske (1993, 1994b, 1994c) Because of occasional instrument .mfar.l'he third _comparison fulfilled the primary
periodically determined percent basa{unct!on, the weather records from withingoal of this study. _
cover, percent bare ground, and totadrazing exclosures in 1994 and 1998, In addition to the routine orthogone}l
above-ground biomass at all sites. Eactespectively, provided 5 and 3 natural im@nalyses, graphs of all grasshopper lif
site also was equipped with a 5.8-m intervals that ranged from 11 to 38 days ifistory or population parameters were
1.2-m-high wire-mesh stock panel excloduration when continuous data were availexamined for obvious departures from
sure to protect an instrument shelter anable from each study site. For each of theormal assumptions for the analysis o
weather monitoring equipment. In 19942 years, soil temperatures within each corariance. Problems detected includet
and 1998, Omnidata® Datapods werdinuous time interval were converted tdunequal variances as well as treatment &
used to record daily minimum and maxicumulative degree-days over 10°C, thgeason interactions. In such cases, tt
mum temperature at 5 cm below and 1fmperature used by Kemp and Sanchexthogonal analysis was considered mis
cm above the soil surface. (1987) as a threshold for modelingleading, and an appropriate alternative wa
Grasshopper populations were samplegrasshopper egg development. Air tempegleveloped and elaborated.
at varying intervals for 5 seasonsatures were similarly converted to cumula-
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Results and Discussion
50 400

The Study Area n COerecie EITEMP.

Temperature and precipitation trends du -
ing the course of this study, based on wea
er records from Watford City, N.D., reporte
by the North Dakota Agricultural Weathe
Network (http://www.ext.nodak.edu/weath
er/ndawn), are illustrated in Figure 1. Thi
study obviously was conducted during &
interval of progressively warmer and drye :
seasons. If the hypothesis of highe 104 D
grasshopper densities in the presence of | . o
preciptation and low forage production is s .
true, then one would expect grasshopp 0+ P ' ' '
populations to generally increase fror 1993 1994 1995 1906 1007 1908
1993 to 1998 at all study sites. YEAR

The 1994 and 1998 weather data fro

within grazing exclosures revealed no Sigrjg 1. Relationships between cumulative precipitation (mm) and cumulative temperature
nificant differences among soil degree-day (degree-days > 17.8 C) at Watford City, N.D., 1 Apr. through 31 Sept. 1993-1998, as
between sample sites during either year, ' reported by the North Dakota Agricultural Weather Network.

among air degree-days between sampie

sites during 1994. In 1998, air degree-dayerature, it should be safe to assume thakpected to support higher grasshoppe
at the warmest site differed significantly (Rhe grazing regimes differentially affecteddensities than native prairie sites, becaus
= 0.051) from the coolest site, but neithegrasshopper microhabitat. of more bare soil at crested wheatgras
differed from any other site based on A summary of 1993 and 1994 cover andeason-long sites and less total canopy
Duncan’s multiple range test. The extremgjomass estimates at the study sites pubrested wheatgrass rotational sites
sites were the 2 native prairie season-longhed by Manske (1993,1994b, 1994c) i$lowever, site attributes in 1993 and 199
sites, so that confirmed their credibility as gjiven in Table 1. All study sites had simi-did not suggest that any native prairie
standard of comparison for possible effectr percent basal cover in 1993, but crestestudy site would be unusually prone tc
of twice-over grazing. In other words, allwheatgrass sites had less basal cover thahronic or abnormal infestations of
sites had similar thermal potential to supnative prairie sites in 1994. Slightly moregrasshoppers.

port grasshopper development, and thelgare ground was associated with season-

was no evidence of bias in site selection, #ng grazing than with rotational gfaZinQGrasshopper Density Indexes

least with regard to factors like slope omt crested wheatgrass sites during bothprefiminary analyses of grasshoppe
aspect, which are known to influence soif993 and 1994 and at native prairie Sitegensity and phenology data indicated thz
and air temperatures. It should be emphan 1993 only. At crested wheatgrass sitesnarked changes in grasshopper days (G
sized that temperature data were obtaindslomass was highest under season-longm season to season were multiplicativ
within grazing exclosures; therefore, thergrazing because livestock tended to avoighther than additive. Therefore. all GD
should be no major differences betweeBating crested wheatgrass when they hagjes were transformed to(X+1) prior
grasshopper developmental parameters giher alternatives. At native prairie siteSyg final analysis. Retransformed granc
comparable habitats (i.e., between crestéflomass tended to be slightly higher undeheans and sign.ificant P-values for al
wheaigrass sites or between native praifi@tational grazing, but stocking ratesyrthogonal comparisons are given in Tabl
sites) either in the absence of grazing aippeared to be conservative at all study and selected retransformed season
under identical grazing. If differences aresites, at least during the relatively cool angeans within the different grazing treat-
then observed among grasshopper lifgroductive seasons of 1993 and 1994. Ijents are illustrated in Figure 2 anc
processes that are driven primarily by temgeneral, crested wheatgrass sites might REgure 3.

»
Q
|

300

w
(=]
I

200

PRECIP. ( mm)

100

TEMP. ( degree days )

Table 1. Percent basal cover, percent of soil surface not covered by vegetative canopy, and total above-ground plant biomagssshopper sampling
sites on native prairie (NP) and crested wheatgrass (CW) habitats under twice-over rotational (R) vs season-long (S) grazintpénLittle Missouri
National Grasslands, McKenzie County, N.D., 1993 and 1994.

Habitat  Grazing Grazing Basal cofer Bare ground Biomas$
type strategy season
1993 1994 1993 1994 1993 1994
(%) (%) (kg ha')

Cw R 1 May — 31 May 39.8 24.1 3.3-10.7 2.6-3.9 823-1187 445-549
NP R 1Jun — 15 Oct 41.6 33.2 3.9-6.5 3.5-4.8 1004-1595 980-15(
NP S 1 May — 15 Sep 36.2 34.5 6.0-14.1 3.6-5.5 564-1225 839-19¢
CwW S 1 May — 15 Sep 36.0 26.1 0.9-17.3 6.0-10.5 1267-1491 791-13¢

~a condensation of data reported by Manske (1993,1994b,1994c); see references for details
estimated mid—July to mid—Aug

range of 4 readings, mid—May to mid—-Aug

range of 3 or 4 reading, late May to mid—Oct

3
4
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3,500 wheatgrass during the last 2 years of th
®NPS 4 NPR " CW.S Y CW.R study.A. deorum as mentloned earller,
requires patches of bare soil for baskin
3,000 < and for oviposition. It appears that none o
S the native prairie sites had enough bar
ground (see Table 1) to support high popu
o T e lations ofA. deorum
2000+ ° - R _Thg comparisons of grasshopper_day
e . Lo within crested wheatgrass habitats
. om, v /7 (Comparison 2 of Table 2) essentially
& ‘ I . < : addressed the question of how individua
i ' PR ¥ . species responded to differences in timin
1,000+ . . - and intensity of defoliation. It was noted
v 7 N ] that 3 of the species that preferred creste
5ooI - - wheatgrass over native prairikl. san-

»
e
o
o
|
T
»

GRASSHOPPER DAYS

— —4 guinipes, M. infantiuis andMelanoplus
o ; .l ; ; gladstoniScudder, seemed to thrive equal
1093 1994 1995 1996 1997 1998 ly well under garly spring grazing or sea-

son-long grazing. Three other specias,

YEAR deorum Trachyrhachys kiowgThomas),

) . . . and Melanoplus femurrubrungDeGeer),

Fig. 2. Average cumulative grasshopper days '3instar through adult stages) n¥ for all eveloped significantly higher densities
grasshopper species combined during each of 5 growing seasons in native prairie (NP) angnder early sprin razina. while orfe
crested wheatgrass (CW) habitats under traditional season-long grazing (S; dotted lines) vs y Spring g 9, "

twice-over rotational grazing (R; broken lines), 1993-1998. nebrascensi, did just the opposité. deo'_
rum may have been prevented by higt

The average grasshopper days (GD) fahe order in which they normally app«’—:arShadmg canopy from taking advantage o

. - an abundance of bare soil at the creste
all grasshoppers®nstar or larger encoun- during the course of a growing Seaso%heatgrass season-long site (see Table :
tered per site per grazing treatment per segCushing et al. 1995). but otherwise. there was little evidence oﬁ
son is illustrated in Figure 2. Over the In comparisons of grasshopper days ig general ianL;ence of either canopy heigh
course of the study, the combined crestettested wheatgrass vs native prairie siteosr timing of defoliation within crested
wheatgrass sites had significantly (4.8X)YComparison 1 of Table 2), 6 species Werﬁ/heatgrass habitats. Rather, it appeare
more GD than the combined native prairigesponsible for most of the higher Iong-that grasshopper spécies sorﬁehow adju
sites, and the native prairie season-lontgrm level of infestation at crested wheat 2d differentially to provide a similar over-\
sites had significantly (3.3X) more GD thangrass sites. The conspicuous spik Il density in crested wheatgrass habitat
the native prairie rotational sites (Table 2)observed for all species in 1994 (Fig. 2 nder either grazing regime
It is noteworthy that the dramatic increasewias contributed primarily by single-sea- In comparisons of graséhopper day:
in GD that occurred in 1997 and 1998 at abon increases in the 2 most prevalen\},ithin native prairie habitats (Com arisoﬁ
crested wheatgrass sites and at nativapeciesMelanoplus infantilisScudder and 3 of Table 2) pno species was si nFi}icantI
prairie season-long sites did not occur d#l. sanguinipesThe latter, plu#\. deorum more abundént atprotational sitgs than )
native prairie rotational sites; that is, thén early spring pasture arf@hoetaliotes . .
local outbreaks did not occur under themebrascensigThomas) in season-longseason'lqr.‘g sites. However, 4 specie
twice-over system of rotational grazing. pasture, accounted for most of the/ére S|gn|f_|cantly more abu_ndant at sea
These results encouraged further scrutincreased grasshopper presence on cres%%lq'long sites than at rotational sites. |
ny of the grasshopper day (GD) data for
evidence of beneﬁmal or antaanI.S'FICTaMe 2. Mean cumulative grasshopper days per frduring 5 growing seasons under twice-over
effects of grazing treatments upon individ- rotational (R) grazing vs traditional season-long (S) grazing at native prairie (NP) and crested
ual grasshopper species. Although mor wheatgrass (CW) study sites, 1993-1998; and results of orthogonal statistical tests for significan
than 30 different grasshopper species wei differences between means.

encountered over the course of the entir

study, preliminary examinations of GD Comparison 1 Comparison 2 Comparison 3
data for individual species revealed that { Al Al
of them comprised the preponderance ¢SPecies cw NP CWR CWS NPR NPS
infestations and thus may have contribute All species 1619** 340 1645 1569 229 748*
significantly to major differences betweenA. deorum 31 2 88** 4 2 2.
habitats and grazing strategies. The G[m ;”;ﬁgﬁ;‘;;es igg** 83 ﬁg éi? 758 %3
Qata .for those species were subjecte_d T Kiowa . 4 ggr+ 14 3 6
individual analyses of variance. Again,y. femurrubrum 14 7 35w 2 9 5
grand treatment means for each speci¢0. obscura 4 145+ 6 2 6 71+
are given in Table 2. Seasonal means f(M. gladstoni 53* 10 53 52 3 88**
species that contributed conspicuously tP- nebrascensis 32% 8 16 126+ 6 16
E. costalis 10 18 9 11 10 57*

local outbreaks at native prairie season
Iong sites are illustrated in Figure 3. The “Individual species are ranked according to order in which they appear during the season.

. . . *Indicated mean is significantly greater than its complement P<0 05.
species are ranked in Table 2 accordmg t**Indicated mean is significantly greater than its complement P<0 01.
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Fig. 3. Average cumulative grasshopper days Binstar through adult stages) n¥ for 3
species that were highly responsive to grazing management during 5 growing seasons i
native prairie (NP) and crested wheatgrass (CW) habitats under traditional season-long
grazing (S; dotted lines) vs twice-over rotational grazing (R; broken lines), 1993-1998.

the case oM. infantilis, all populations species,Opeia obscurgThomas),M.
remained relatively low and were of littlegladstonj and Encoptolophus costalis

years of the study, 1997 and 1998 (Fig. 3
All 3 were major contributors to the local
outbreaks at season-long sites shown |
Figure 2.

0. obscurais a major pest species in
shortgrass prairie, where its diet is 85 t
100% comprised of blue grama gras:
(Pfadt 1994). In the season-long study pa:
ture,0. obscuravas common either where
blue grama was the primary grass specie
or where an understory of blue grama wa
exposed for much of the growing seasol
through removal of taller, cool-seasor
grass canopy by grazing livestody.
gladstoniis a polyphagous feeder that
prefers forbs but tends to ingest plants i
proportion to their abundance (Mulkern et
al. 1962). In the season-long study pastur
it was most abundant in associations of .
common food sources, blue grama gras
and fringed sageArtemisia frigida
Willd.). E. costalishas been described as
an omnivorous gramnivore (Mulkern et al.
1969) that occurs "in association with
heavily grazed homogeneous grass area
(Mulkern et al. 1964). ‘It is not a major
pest species on all rangeland (Dysar
1995), so its biology has not been studie
intensively. In the season-long study pas
ture, it was the last species to complet
nymphal development. During late sum-
mer and early autumn, nymphs were fre
guently observed to take shelter for the
night in cracks in the soil.

The recurring theme of late develop-
ment and adaptive behavior within a
sparse canopy suggests that at least sor
grasshopper species typically participat
in a race against weather in the norther
Great Plains. This provides 2 plausible
explanations for the relative scarcity of
late-season species under twice-over rot:
tional grazing. First, the blue grama under
story is exposed for only relatively short
intervals during and immediately after the
2 grazing events. That in itself may dete
species that prefer or require short canog
and intense sunlight for thermoregulatior
(Willott and Hassall 1998). Second, if
development of late-season species is si
nificantly delayed (as occurs regularly
with M. sanguinipesat rotational sites),
the consequences to survival could b
severe. If development is extended int
periods of cool nights and only short mid-

"Hay intervals of temperatures above th

developmental threshold, reproductior
may become impossible.

Grasshopper Density and Forage

or no economic concern for the duration oScudder, all increased dramatically at se4&~onsumption _
the study. In contrast, 3 late-seasoson-long sites during the hottest and driest While grasshopper day values provide
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an accurate index of relative grasshopp Table 3. Estimated density of grasshoppers and estimated forage consumed Byahd 5" instar
presence, their relevance may be obscL nymphs plus adults at native prairie sites under season-long vs rotational grazing in the Little
until they are converted to more familial Missouri National Grasslands, McKenzie County, N.D., 1993-1998.

units. A grasshopper day value can b

converted to average density if averagParameter Grazing strategy 1993 1994 1995 1997 1998
life span is known, and can be convertepensity rotational 2.6 14 3.3 2.1 5.6

to forage consumption if a daily utilization(Adults n?) season-long 8.3 4.6 6.2 18.4 26.8
rate is known. Such conversions arCOnsurinption rotational 37.0 21.9 55.8 32.6 73.6
offered in Table 3 as a convenience t(Kgha’) season-long 124.6 59.5 97.0 287.5 474.5

readers who may want to assess the prac..

C?;:iﬁluit?;tgbis:;\'?rigf%rigiﬁa?:éwgg%nge, pasture, and a variety of cultivate@onsequently, slow development and lowv
g 9 gies. . rops (Parker 1952). It consumes andurvival of nymphs at the former site in
sity by assuming an average life span o

30 days per adult grasshopper, and es pparently thrives on a wide array of botftontrast with fast development and norma

mated forage consumption by assignin rasses and for_bs (Mulkern 1967). It casurvival o_f nymphs at the Iattgr site affect:
average daily feeding rates reported b ave 2 generations per year in southe_rml exp_e_rlmental errors and _mcreased th
Hewitt and Onsager (1982) for small an eserts and requires 2 years per geperatlpm_t)ablllty of_ a Type | error in any com-
medium-sized species of grasshoppers n Algska (FIShEI" .1994).' In short, it canparison that included a crested Whea}tgras
the average grasshopper day valu nction more efﬂmgntly in more habltat_streatment. Therefor_e,_ only comparison:
observed for #and ' instar nymphs plusetﬁan. many other important economidetween native prairie treatments (i.e.
adults in this experiment. Becaus species. Therefore,. |r.1for.mat|o.n on wha}t isomparison #3 qf the orthog.onal set) wer!
longevity tends to be inversel.y related ﬁweeded bw. sanguinipesn a given habl.- cpnsm]ered statistically valid. These are
density (Onsager et al. 1981), the Ioweqﬁt may infer what is lacking for specieggiven in Table 4.
densities in Table 3 pro.bably V\’/ere overeé— at do not prosper th_ere_. The Julian day associated with peal
timated and the highest densities probabl Certain anomalies in field data can prepresence of various life stages is a usefi
é{Iude estimation of life history parametersndex of grasshopper phenology (Kemy

were underestimated. Nevertheless, .
infestation as estimated at season-Ioﬁgbnnsager and Hewitt 1982a). For exampléand Onsager 1986). The phenologyof

Lo . occasional problem in this study waggnquinipesat 4" peak instar was essen-
sites in 1998 would be considered of outy, o " o0 resentation in a given instar thag ”g id pes | fp h : o
break proportion on any rangeland i . ally identical for the 2 native prairie

X ha subsequent instar. Therefore, the nung ;
western North America. : eatments (Table 4), and that conclusiol
. . .ber and type of parameters determined fqy, ; ;
The estimates of forage consumption if .. , as worthy of special emphasis. Wher
. individual sites were not constant. :
Table 3 are considered about as accurafe . ©'subsequent parameters were found to di
terpretation of data also was complicat; S : .
as allowed by current technology. If an : fer significantly between native prairie
. . .. -_ed by a period of cold, wet weather from_: .
AUM is defined as 364 kg of forage, it 1859 June through 7 July of 1997 WhiChSIteS' lack of phenological synchrony
notevv_orthy that estimated fora_lge Co.n.interrupted the hatching o sangui’nipes could be dismissed as a plausible caus
sumption by g_rass_hoppers at native prairig, - of the 9 study sites for'an interval of Fauivalent development tended to occu
season-long sites in 1997 reached 91% of o days. An advantage was that 2 distin@arlier on the crested wheatgrass rotation
the 0.862 AUM ha that had been allocat-\ o "¢ hatchlings permitted estimatiorfites, presumably because intensive forag
edofor llveStQCk'_ In 1998’ In spite of theof 2 unique sets of nympha| developmen[emoval began there about 4 weeks earlie
10% reduction in stocking rate, foragg,, parameters at some sites within a singRnd the grasshopper microhabitat warme
consumption tl)y gra_sshOpper:sdat na})tlv eason. The disadvantage was that neathp faster than at any of the other sites
fgg'rl'svzlezsl%g;?gg fso'treﬁvr:;gci |%16g o/(r)1 Gl nymphs at the earliest site (a cresteBquivalent development occurred later a
trast. maximum consumotion b : rassho wheatgrass rotational site) hatched befordie crested wheatgrass season-long sit

ers’ at native prairie roF:ationgl gites W{f{he cold spell while all of the nymphs atpresumably because livestock tended t
26% of the Iivest[ock allocation in 1998 the latest site (the crested wheatgrass sesvoid grazing crested wheatgrass out c
" son-long site) hatched after the cold spelpreference for native forage.

Grasshopper Life History Table 4. Life history parameters for Melanoplus sanguinipesas affected by twice-over rotational
Parameters grazing vs traditional season-long grazing of native prairie in the Little Missouri National

Only 1 speciesM. sanguinipeswas Grasslands, McKenzie County, N.D., 1993 to 1998.
recorded on a regular basis at every si

during every year of the study. Therefore i —Grazing strategy

only M. sanguinipe provided sufficient Parameter _ Rotational Season-long P
data to support estimation of life histonJulian day f_o_r peak_presence SFiastar ny_mphs 6 204.3 204.1 0.89
parameters within all 4 grazing treatment‘ tage—speC|l"\|/|c survival rate for nymphal instars 3—520 " 0510 0.662 0.06
Ne_vgrtheless, th(_a parameters fdr san- Vaeﬁ;‘nce ' 0.027 0.073 0.03
guinipescan provide important clues as t(pays for development per instar 6 11.5 8.9 0.02
possible effects of grazing on otheAverage daily survival rate for nymphal instars 3-5 6 0.94238 0.95418 0.53
species as welM. sanguinipess the most Adults produced per square meter 4 0.60 2.05 0.03
serious grasshopper pest on rangeland Average daily survival rate for adults 5 0.99346  0.97345 0.02

ni I . |.number of broods for which parameter was estimated at least once per grazing strategy .
the United States (Dysart t occul] |b ;‘)b fd fd hich e imated at | tonce  | ; | _

H otal number of stu y sites at whic parameter was estimated within rotational and season- ong. strateg|es, resp
throughout most of North America anc J text for justification)

can develop economical infestations 0%perrant (see text for explanation).
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native prairie season-long sites. At native

1.2 prairie rotational sites, nymphs develope
significantly slower than at native prairie

1+4-F season-long sites (Table 4). The averac
difference between treatment means (i.e

2.6 days per instar), extended over .

0.6 _E_ instars, would delay the appearance

adults under rotational grazing by an aver
age of 7.8 days. That will be shown late
to have a major impact on the proportior
of nymphs that became adults. The avel
ages, however, did not depict the full rela
tionship observed in this study. While d
was relatively constant from year to yeal
at the native prairie season-long sites, |
decreased (i.e., the rate of developmel

o
>
}

o
o
|

STAGE-SPECIFIC SURVIVAL

o
1993 1994 1995 1996 1997 1998 increased) significantly over the experi-
mental period at the native prairie rota-

YEAR tional sites (Fig. 5). During the coolest

year of the study (1993), nymphs at nativ
rairie rotational sites required about 14
ays per instar, which was about 5.1 day
longer per instar than at native prairie sec
son-long sites. Logical hypotheses tc

o . v explain these results are that ambient a
Average stage-specific survival rates fo(S%), and S = (§Y% If any 2 parameters temperatures within the canopy were cool

3”1,. 4‘“ and & instar nymphs oM..san- are known, the third can be calculateda; gt pative prairie rotational sites, or tha
guinipesat native prairie study sites areThere obviously is an infinite set of Valuesnymphs were somehow deprived of oppor
given in Table 4 and Figure 4. The routindor d and S that will yield an identical tunity for efficient thermoregulation at
orthogonal analysis indicated no differstage-specific survival rate, so eachive prairie rotation sites [see Chappel
ence between treatment means, but Figuepserved stage-specific survival rate wagnq \whitman (1990) for a discussion of
4 revealed a treatment by year interactiopartitioned to determine the range of dnermoregulation]. Either condition could
plus significantly greater variance within@nd S-values that occurred within eachaye produced the observed results, eith
season-long sites than within rotationa@azing treatment during the experiment..;hqependently or in combination with the
sites. The data were reanalyzed as a comNYMPphs at all crested wheatgrass siteginer. During the warmest years of the
pletely random design comprised of 2ended to develop either slightly fastegyqy (1997 and 1998), d was similar at al
treatments with unequal variances, and &€ d was slightly lower) than or at rateg,ative prairie sites. A plausible explana:
P-value of 0.06 was obtained. That Wa§|m|lar to development of nymphs at
considered justification to report lower
and more stable stage-specific survive 18
rates under rotational grazing than unde @ NPS + NPR
season-long grazing. The observed ind 16
vidual stage-specific survival rates as we
as the overall average rates were consi
ered entirely realistic. They compare
favorably with rates of 0.3993 to 0.808%
reported for natural populations Mf. san-
guinipesduring different seasons at the
same site near Roundup, Mont. (Onsag
and Hewitt 1982a) and at different site
during the same season near Three Forl
Mont. (Sanchez and Onsager 1988
Stage-specific survival rates of 0.09 t 6 4 4
0.365 were reported for nymphs of :
§pecies, one of Whiph was. sanguini_pes 4 : { ; ;
in cage studies in the sand hills o 1993 1994 1995 1996 1997 1998
Nebraska (Oedekoven and Joern 1998).

A stage-specific survival rate can bt YEAR

partitioned mathematically into an average . -
daily survival rate (S) and days (d)Flg. 5. Average number of days required byMelanoplus sanguinipesor development of 3,

f " 4" or 5" instar stages during 5 growing seasons between 1993 and 1998 on native prairi
r?qUIered L(z:r.cheveloprglent:f 3:;61%3' t-[)hg‘ (NP), as affected by traditional season-long grazing (NP,S; dotted line) vs twice-over rota-
stage-specific survival was detin ' tional grazing (NP,R; broken line).

Fig. 4. Mean stage-specific survival rates for'3 4", and 5" instar nymphs of M. sanguinipes
during 5 growing seasons between 1993 and 1998 on native prairie (NP), as affected by tr
ditional season-long grazing (NP,S) vs twice-over rotational grazing (NP,R) (error bars
indicate standard deviations).
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tion is that nymphs at native prairie see 1

son-long sites may have invested conside ..' L
able time in avoiding excessive body terr
peratures, the result of exceeding a the
mal optimum, during the warmer latel
years, and therefore did not develop sic
nificantly faster than during the cooler ear
lier years.

While the average daily survival rate fol
nymphs ($) tended to be slightly higher
at crested wheatgrass sites than at nati
prairie sites, the tests for statistical signifi
cance were not considered reliable. |
legitimate comparisons, 3lid not differ
significantly between grazing strategies ¢
native prairie sites. However, a differenc
of the magnitude observed in Table 4 (i.e 08 } % ,r : ; : ! : .
a difference of 0.01180) can have majc )
consequences if it operates over sufficiel 6 7 8 ® 10 11 12 13 14 15 16
time. For example, when Sanchez an DAYS PER INSTAR
Onsager (1994) arbitrarily reduced estima

ed average daily survival rates of adults ] ) ) )
(S,) by 0.00428 and 0.00786 to adjust fo/Fig- 6. Relationships between average daily survival rates vs average number of day:

- . required by Melanoplus sanguinipesor development of & 4" or 5" instar stages during 5
the pres%rllciz of pgrasmzed ft(:]malesd.trtl( growing seasons on native prairie (NP), as affected by traditional season-long grazing
\r/;?éi l:)rf]apogu?a{:i)(r)?] il::z:?eea%gesilvefeprfdlﬁ; (NP,S; dotted line) vs twice-over rotational grazing (NP,R; broken line) strategies.

by about 32% and 51%, respectively, ang
they then agreed closely with observec}

o4
&
i
\
\
»

o
®
o
i
>

DAILY SURVIVAL RATE
¥

® NPS * NPR

= 0.012) at native prairie rotational sitesthe extra time over which the higher rate:
rates. It also is critical to understand that a his paradox cannot be explained with theperate will yield the lowest possible
averége daily mortality rate (i.e., 1S Hata at hand, bl:lt speculation clearlyov.eral'l level of nymphal survival. The relj
would continue unabated duriné ét,ny penl_abeled as such is offered. Grant et ahtive importance of the 2 parameters ir
od of extended development at nativ 1993) su_ggested that,Snay we!l be t_hls study is therefore under some condi
prairie rotational sites. If we assume th ower <_jur|ng seasons characterlzed btions reversed from the order reported b
"normal” developmen.t requires 8.9 da;llngh rainfall and low sunshine, rather tharGrant et al. (199.3). .
for each of 3 instars as observed ;at nativ low temperature per se, becguse The mean estimated denS|ty of adu_lt_
prairie season-long sites, then the fractio mphs V\_nII be less active and more_Ilablesang_mmpegoroduced at native prairie
of 3%instar nymphs tﬁat survived to{b predation. The current data obviouslyotational sites was significantly lower
become adults at native prairie rotationq?nO not support that hypothe3|s. Figure @han (i.e., was only 29% pf) the numbel
sites can be estimated for 1993 ad'®y be evidence of a bimodal response @froduced at native prairie season-lon
100(0.94236%-49) = 40.3% of "normal” aally survival rates to the heat-related facsites (Table 4). Using the average nymph:
for th'e 5-year averagé of the study’ators that drive nymphal d.e.velopment. Aparameters of Ta.ble 4, the model o
100(0.942384543) = 62.9% of "normal” the cooler extremes, conditions thgt'extenansa}ger (1933) estimated that the 2 ave
but fo'r 1998 as 100((') 942389-09) _’ nymphal developme_nt d¥l. sanguinipes age |n_fe$tat|on levels cou_I(_j have riser
100% of "normal" ) to _15_—16_d_ays per instar perha_ps coult_tom similar average densities Qf hatch-
Figure 6 iIIustra'tes some interesting an%’lhlblt activity or development of inverte- lings (about 18.2 vs 16.5 hatchlmgsz,m
diametrical relationships between days pe rate predators that are mherently lesespectively). .ThIS is a classic exqmple 0
instar and survival rate (i.e., between daptable tham. sanguinipes At the the poyverful_ impact that can b(_a inducec
. N armer extremes, conditions that allMv by forcing slightly reduced survival rates
and $) at native prairie sites. Two of the

data boints in Figure 6 clearly were at i_sanguinipesto complete a nymphal instarto function over slightly extended intervals
P 9 y YPhin only 7-8 days could perhaps allowof time.
cal. The 2 lowest Svalues were excluded

from this discussion because they arnymphs_ to escape some predation by The average dai_Iy _s_urvival rate for
indicative of catastrophic conditions theyﬁevelpplng ahead of invertebrate predatorzsdul@s (9) differed significantly between
occurred among nymphs that had h’atchetﬁ which they norma}lly would bg vullnera-grazmg treatments (Tabl¢.4). The curren
before the cold, wet period in late Jun e. In any event, it is apparent in Figure @verage § for native prairie season-long
and early July o;‘ 1997, and they probabl?.hat all intermediate development timesites was markedly h|_g_her than in a stud
were induced by a Iocél epizoofic of path-"e" on the_order c_>f 9-12 days per mstalt)n_ mlxedgrass prairie _whelm. san-
ogenic fungi as has been reported in oth were associated with similar nymphal surgumlpespopulatlons declined for 3 suc-
infestations (Onsager and Hewitt 1982a?ﬁval rates, regardless of grazing treateessive seasons (Onsager and Hewi
Among the remaining data points in)ment. T_herf_efore, a Worthwhlle_manage1982b). It was only slightly higher than in
Figure 6, there was significant inverse Cor[nent objgct_lve would be to retain canopy 1l-year study on crested wheatgras
relation ,(r = —0.75, P = 0.038) between haracteristics the}t extend development twhere 2 populations almost replacec
and S, at nativé p’rairie séason-long site 3-16 days per instar. Even though ththemselves (Sanchez and Onsager 198t
and siénificant direct correlation (r = 0 Sg%ssomated daily survival rates may bén Onsager’'s (1983) model, it was sugges
“slightly higher than lowest possible ratestive of a generation that is capable o
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approximately doubling in density.a further increase in intermittent acceptablthan at grazed sites. These reports agre
Therefore, the 5-year averaggf8r native habitat would probably promote rapid andhat grasshopper densities were regulate
prairie season-long sites in this study wadramatic increases in overall numbers of dty food abundance and increased to "ou
entirely realistic. However, a 5-year averieastE. costalis 0. obscuraand M. glad- break” levels under above-average precip
age $ in excess of 0.99, as reported fostoni In contrast, the low populations oftation and above-average forage produc
the native prairie rotational sites, isthose species at native prairie rotationdlon. Fielding and Brusven (1996) suggest
unprecedented and therefore consideresites would require perhaps 3—-4 consecwd that such conditions may not caus
biologically untenable. That value indi-tive favorable seasons in order to increaségndue competition between grasshoppel
cates the consistent presence of motte levels comparable to 1998 at nativ@nd livestock for available forage. Thus,
adults than can be accounted for by pregrairie season-long sites. In the event girevention of such infestations may be
ence of nymphs, and is clear evidence afontinued droughtM. sanguinipess the unnecessary, undesirable, or impossible
consistent immigration of aduM. san- only species at native prairie rotationa(This does not deny the importance o
guinipesinto the native prairie rotational sites that could likely increase to outbreagevere infestations during normal seasor
sites. Unfortunately, it is not possible tdevels within 2 seasons. that follow unusually-productive seasons
recapture either true values fog & pre-  Concepts and technologies develope@r the importance of immigration of
cise levels of immigration. However, if thefor grasshopper management in the norttgrasshoppers from rangeland to crops, b
observed densities of resident adults didrn Great Plains probably will not transfethose problems are beyond the scope
indeed develop from similar densities ofdirectly to Palouse prairie, intermountairthis discussion.)
hatchlings, then immigrant adult femalesagebrush, or shortgrass prairie ecosys-A grazing strategy that dampens fluctua
must have outnumbered resident adutems. In an 8-year study at a Palous#on in grasshopper nymphal survival rate:
females by about a 2.4:1 ratio at nativerairie site in western Montana, Belovskymight also dampen fluctuation in density.
prairie rotational sites in order to produceénd Slade (1995) reported that grasshogiccording to the equalibrium parameters o
the required total number of eggs. At thiper density, survival, and reproductiorkemp and Dennis (1993), that could reduc
point, lest someone question the wisdortesponded directly in a density-dependeribe propensity for outbreaks in the norther
of a grazing system that encourages immfashion to natural and experimentafGreat Plains, especially if the grazing strat
gration of grasshoppers, it should be poinghanges in availability of food. Annualegy tended to stabilize nymphal survival a
ed out that grasshoppers will leave areaghanges in food abundance were associ@-lower rate than otherwise expected
with poor food resources and invade aresgf with the annual variation in weatherTwice-over rotational grazing appears 1
with good food resources. Therefore, i{rainfall and temperature), but mosthave reduced both the mean density and t
there is a choice, a ranch should strive t@rasshopper generations produced mogarrying capacity of grasshoppers on nativ
become a refuge for rather than a sourd®mphs than the habitat could supportprairie. In general, both speculation and sc
of migrating grasshoppers. followed by accelerated mortality until entific evidence to date agree that twice
grasshopper numbers matched the fogever rotational grazing has mitigated &
supply. That mechanism would supportocalized grasshopper outbreak. Thus
Conclusions the close relationship between long-terngrasshopper management through grazir
mean density and long-term carryingnanagement may be eminently practical i
) . capacity reported for western Montana byhe northern Great Plains.
These results agree V\_/lth the earllekemp and Dennis (1993). In a study of
reports that associated high grasshoppgtasshopper density data and weather
populations with hot, dry weather in therecords over a 27-year period in the inter- Literature Cited
Great Plains. They strongly suggest thaghountain sagebrush ecoregion of southern
?riislz(\)/%ﬁ)sergfC;\;Ja{ﬁa%?er?qi%?n(ilgg \F/’\;'”rlrg’tltrldaho, Fielding and Brusven (1990)anderson, N.L. 1964.Some relationships
Yy - reported that abundant winter precipitation petween grasshoppers and vegetation. Ani
and Hassall 1998), which are affected byng warm spring and summer tempera- Entomol. Soc. Amer. 57:736-742.
relationships between moisture levels angres were associated with high grasshopgwderson, N.L. and E. Hastings. 1966Some
plant canopy density and which are modiper populations, presumably through notes on rearing Aulocara elliotti
fied by thermoregulatory behavior (segavorable effects on forage production. (Orthoptera: Acrididae). Ann. Entomol. Soc.

Willott 1997). That notion supports inter-Similar studies on predominantly short-, AMe": 59:718-719.

in lation future inf i I . Beloysky, G.E. and J.B. Slade. 1995.
esting speculation about future infestationgrass prairie in Colorado and New Mexico Dynamics of two Montana grasshopper pop

at the study sites. Infestations in all creste(tapinera and Horton 1989) revealed that yjagions: relationships among weather, fooc
wheatgrass habitats will likely remain highgrasshoppers responded favorably to abundance and intraspecific competition
and variable regardless of future weathefpring and summer moisture, which also Oecologia 101:383-393.

conditions or grazing strategy, with thewould support abundant forage producBiondini, M.E. and L.L. Manske. 1996.
species complex, especialM. san- tion. In a study on shortgrass prairie in Grazing frequency and ecosystem process:
guinipesandM. infantilis, adjusting to take Arizona, Nerney and Hamilton (1969) N & northern mixed prairie, USA. Ecol.
advantage of forage resources that are n@ported increased grasshopper popul%-Appl' 6:239-256.

utilized by livestock. If current drought tions after seasons with above-avera ampbell , J.B., W.H. Amett, J.D. Lambley,

. . . b AR : with 9€0.K. Jantz, and H. Knutson. 1974.
Intensity continues or increases, It Isvinter and spring precipitation followed by  Grasshoppers (Acrididae) of the Flint Hills
expected that permanent prime habitat fabundant vegetative cover. Furthermore, native tall grass prairie in Kansas. Kans
late-developing species within the nativéboth Fielding and Brusven (1995), in the State Univ. Agr.. Exp. Sta. Res. Paper 19
prairie season-long pasture could supporttermountain ecoregion, and Capinera Manhattan, Kans.

total densities similar to or only slightly and Sechrist (1982), in the shortgras§apinera, J.L. and D.R. Horton. 1989.
higher than densities observed in 199&rairie ecosystem, reported higher G0graphic variation in effects of weather or

Under those weather conditions, howevegrasshopper densities at ungrazed Sites%g;f?gpper infestation. Environ. Entomol.
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